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=P high pT hadroproduction in pA and AA: RHIC, LHC

=P study hadronization in different environments

=P factorization & universality in a nucleus?

=P reclevant for the extraction of nPDFs
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scale dependence

D.de Florian R.Sassot Phys.Rev.D69 074028 (2004)
M.Hirai, S.Kumano, T.H.Nagai Phys.Rev.C76 065207 (2007)
K.Eskola, H.Paukkunen, C.A.Salgado, JHEP0904, 065 (2009)
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DIS rates to C scale dependence

fi/p(ajaQQ) - fi/A(xan) z/p( 7Q ) z/A( 7@ )
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Do nuclear effects factorize into PDFs and FFs?

nFFs factorize all non-perturbative details?

"universal” (interchangeable)?

well defined framework beyond LO?

constrained by data through global NLO fit?
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Why it could not work:
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Why it could not work:

Fac’roriza’rion breaking Wiedemann et al. arXiv:1002.2537

non universality of hadronization  Accardi et al. arxiv:0907.3534

modified energy scale dependence Arleo arXiv:0810.1193

nuclear/high density higher twists  Arleo et al. arXiv:0911.4604

(Please fill in the blanks)
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nPDFs digression:

EPS nPDFs

K.Eskola, H.Paukkunen, C.A.Salgado,
JHEPO904, 065 (2009)

% designed to reproduce dAu data
(assuming no FF effects)

W unusual gluons

HKNO7 (NLO)

ﬁff 0.2 - ——= DS (NLO)
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nPDFs digression:

EPS nPDFs

K.Eskola, H.Paukkunen, C.A.Salgado,
JHEPO904, 065 (2009)
% designed to reproduce dAu data
(assuming no FF effects)

W unusual gluons

W extra normalizations: (?)

STAR 0.90
PHENIX 1.03
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Baseline:

consistency = nDS nPDFs Dide Florian, R.S.

Phys.Rev.D69 074028 (2004)
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Baseline:

consistency = nDS nPDFs Dide Florian, R.S.

Phys.Rev.D69 074028 (2004)

reference = DSS FFs

D.de Florian, R.S., M.Stratmann
Phys.Rev.D75 114010 (2007)
Phys.Rev.D76 074033 (2007)

Monday, March 22, 2010



Baseline:

consistency = nDS nPDFs Dide Florian, R.S.
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consistency = nDS nPDFs Dide Florian, R.S.

Phys.Rev.D69 074028 (2004)
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Baseline:

consistency = nDS nPDFs Dide Florian, R.S.

Phys.Rev.D69 074028 (2004)

reference = DSS FFs

D.de Florian, R.S., M.Stratmann
Phys.Rev.D75 114010 (2007)
Phys.Rev.D76 074033 (2007)

LHC-CMS

+ CMS V=900 GeV] + CMS V=236 Te
* Vs=900 GeV
) , — DSSNLO
? Vs=236 TeV .. .

low pT
CMS data

CMS
arXiv:1002.0621
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Baseline:

consistency = nDS nPDFs Dide Florian, R.S.

Phys.Rev.D69 074028 (2004)

reference = DSS FFs

D.de Florian, R.S., M.Stratmann
Phys.Rev.D75 114010 (2007)
Phys.Rev.D76 074033 (2007)

+ CMS Vs=900 GeV| + CMS Vs=2.36 Te

Vs=900 GeV .. A DSS NLO

low pT
CMS data

ATLAS
arXiv:1003.3124

CMS
arXiv:1002.0621

04 05 060.70.809 1
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Fitting nFFs: convolution approach

1
<
D?/A(ZvQ(Q)):/ dyWZ(yaAng)D?(gaQ(Q))
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Fitting nFFs: convolution approach

works for nPDFs
re-scalings/shifts
modifies FFs

natural language NLO

1
<
D?/A(ZvQ(Q)):/ dyWZ(yaAng)D?(gaQ(Q))
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Fitting nFFs: convolution approach

works for nPDFs
re-scalings/shifts
modifies FFs

natural language NLO

Dl a(2,Q2) = / dy Wiy, 4. Q3) D! 0}

no effects
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Fitting nFFs: convolution approach

works for nPDFs
re-scalings/shifts
modifies FFs

natural language NLO

no effects

z-shift (energy loss)

enhancement/suppression, re-shape

weighting coefficients with a smooth A dependence

with

parameters to be fitted

A very simple example for pion production:
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HERMES Nucl. Phys.B 780 1 (2007);

Toy parameterization
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idem + toy nFFs
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Toy parameterization

normalization & trend

not flexible enough for
x-dependence: gluons?

no conflict with
standard evolution
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HERMES Nucl. Phys.B 780 1 (2007);

025 05 0.75

025 05 0.5

025 05 0.75 025 05 0.7

0.05 0.

015 O

2 005 0.

0.15 0
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Toy parameterization

pT dependence!

quark/gluon interplay
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dAu

+ PHENIX

nFE (nDS)
- - -~ FF(nDS)

——————— FF (EPS)
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[mb / GeV?]
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} STAR

P FF (EPS)
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} STAR

- --- FF (nDS)




Toy parameterization

pT dependence!

quark/gluon interplay

2/d.o.f. ~ 2

Monday, March 22, 2010

[mb / GeV?]

+ PHENIX

nFE (nDS)

6F ---- FF(nDS)
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Refined parameterization

quark fragmentation

gluon fragmentation

smooth A-dependence

~ 14 paramefters
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v = 396.0

331 data points
14 parameters

x> /d.o.f = 1.08

v by by
025 05 0.5 025 05 07 025 05 07

z and X dependence

. ey by by sy 1 e by by 1y oy b sy v by sy 1
005 0.1 0.15 02 005 0.1 015 02 005 0.1 0.15 02 005 0.1 0.15 0.2

no conflict with
standard evolution
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331 data points
14 parameters

x> /d.o.f = 1.08
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v = 396.0

331 data points
14 parameters

x> /d.o.f = 1.08
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v = 396.0

331 data points
14 parameters

x> /d.o.f = 1.08

good description:

normalization
pT dependence
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Ryau rates are not trivial!
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Ryau rates are not trivial!

(z) for do™/ dpy| () for o™/ dp,|

pp, dAu

—

do™ / dz| o
pp

scaled by o7 pr=8 g0
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Ryau rates are not trivial!

<Z> for do™/ dpy|

high-z
dominated

scaled by Gﬁ;
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Ryau rates are not trivial!

(z) for do™/ dpy| () for o™/ dp,|

high-z
dominated

20
& i do"/dz |pp
Sa Fe ' scaled by 0"

int

pT=8||.I'-H-

z-range
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Ryau rates are not trivial!

<Z> for do™/ dpy|

pp, dAu

high-z
dominated
& i do™ / dz|pp
5 Cl{:e ' scaled by Oﬁl
z-range gluon/quark
balance
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z-dependence
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quarks mimic SIDIS
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z-dependence

quarks mimic SIDIS
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z-dependence

quarks mimic SIDIS

gluons do the
opposite

low z behavior not supported by data: artifact?
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Centrality classes

nFFs as an average:

~ underestimate central
~ overestimate peripheral

scale factor

0 (o
< Edomidpis >
m.b.

Bldlo™ ap i

C
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Centrality classes

nFFs as an average:

~ underestimate central

~ overestimate peripheral

scale factor

C

E d36™ /dp?
E d30™/dp?
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c.C.

dAu

m.b.

dAu ! c.c.

d3 o )
E £2-| [mb/GeV]
dp dAu

nFF (nDS)
- — — — FF (nDS)
— — — — FF (nEPS)

¢ 0-20 % (x1000)
B 20-40 % (x100)
® 40-60 % (x10)
Q 60-88 %
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Conclusions

A NLO pQCD scheme with

process-independent nFF equations
A, z, @4, v and pT-dependence of SIDIS and dAU data

effective nFFs as tools for “distilling” data

changes in quark fragmentation “look like” mostly energy loss

effects in gluons are quite different
cross sections and rates result from non ftrivial interplay

predictions based on nFFs can be fested by upcoming data
JLAB, RHIC, LHC and in the future at EIC

dAu or pA data can help to further constrain nPDFs,
serve the reference for AA data,
provided we have a clear picture of nFF
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Ze
Au
A
Vi

0;
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0

-0.0218 0.0010 0.0103
0.6147 0.6147

24.5607  27.1969

-0.1613
0.6147

-0.1691
0.6147

1.466
1

0.0181
0.6147

-0.0557
0.6147

19.500
19.210
18.557
18.206
17.789
19.6720
-0.0732
0.6147

46.241
41.780
31.721
26.331
19.902
48.8825
-1.1264
0.6147




¢+ CMS Vs=900 GeV

e

Monday, March 22, 2010



@
SRR
SR
XX

<

>
&)
O
-
-]
T
<

55
S0t &
RSN
SRRSIBEEK
SRR
KR
oo
oS35
(R
SRR
RIS
KRB
SRR
0 2% %%
SEEILRL
oo s
3 Jesee
SRR

ATLAS

3597 8

%

R
s
53

LHC

5%
CRXRXRRS
06%%% A
GRIISALE
oot tos
S
o
SRR
JSSRKLS A
(I
QRIS
LIS
S RS
el ¥

GRR 000“0 20X
S
o2
o
205
XRRERKX b
T et rora s
...tt:..................ﬁ.%

SRRR 2
B e
XRKRRXR XXXRXS
poesesesetetesetess SRS
(IR, SRR
IRRILEEKIKE eostey
Lo ﬁlo IRIK
R ISR
S
5555 \&s\¢\s RIS
S

SRR

04 05 060.708091

Monday, March 22, 2010



-CMS

LHC

* Vs=900 GeV
! Vs=2.36 TeV

&0

QWQWWO&

0% RIKS
IR
RGBS
SIS
R PIEISIIISK
RIS
RIS
X RSIEIRE

305
0\‘0&«»000 &
S

S IS
ISR

R
X R RRRLRRAR
AL
SRR
R RAIKRINAKLS
RIS
S PIIRRL

KRX KX
RRRKS
o%%

o%
RS
X
X
KRR
Socerer

s,

X
8

<
R
SSBES
SRR
SELIKIE
REREIRLLS
R
oSsstertels
KR

o%
8959
%%
X

ooooooo
RIS
KK RRREIKEAEKKL

s

). ooowolooo
ononunnnonoo%o%o
‘i SRR

A %
RIS
RIS

\ BRI

9%

RIS
R IRRRKK
IS
2R e RHRRRKS
: IR
Sasetstatetolstesetes
SIS
%
s
500
OOt sesesesstetese!
RIS
R
SRRIRRKL
SIS
C0KKXRAS
XXX

oS
S

o3es

o

%%

IR

S aRasss
0000

0\
s
%%
255
55

o
/““
55

0500
o
s

.,{/
o200
K
003!

5%
09
55
%

5

Sasoteses \io oo
R
ownnm“%\\\\o&\\%”»

20 \ %
ZXRRK:
%%

XX
3’

KK
.

o%

2%
£

5%
3K
o90%e?
29005
5%
!

3
<
&

XS
%

scale uncertainties

SRR
25505
o303

KRR
K
XS
050
R

s

o50%ees
355
255300
350355

020 %0020 %0 % %%
XX

Lo %620
o%

X
5555

RS
SGIIRRKK

%

5%

oSo%
5

5

S5

CRRS
25
55

oo

<
2939

05020552 %%
XX

0000000 % %%
XX

%
%
<

XX

o
5%

<

3

b9t

o%

%
KSR

S
KKK
X5

5

<%
%

XX
XX

o5

<5
SRS
%
2%

N
XX

%
o%

XX

%

X

XXX

050%%%
XIS
RS

X RKKL

055
5
3

o%

o5
%

oS

o%

55

bo%s

855

o%

55

35S
5

5%
%

5%

df

o)
2
b9%9

S
%

o%

0%
%

d9%s

o
X
<

%
%
%

b9

d9%9
<5
&
<

5

q
0%
S
X

oSo%
S
S,

5K

K
0%6%%%
S
Sossteves
KKK

o
200920

XX
oo
%0 %
X
2RES

RS
ReSe%ets
%5

2.36 TeV

Vs=900 GeV

Vs

Monday, March 22, 2010



